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The Diagnostic and Statistical Manual of Mental Disorders arranges co-occurring 
clusters of symptoms into distinct disorder categories, which theoretically have specific 
etiologies, pathologies, and treatments. However, researchers and clinicians alike have 
consistently found DSM diagnoses to have high rates of comorbidity, low diagnostic specificity, 
and no disorder has proven to be a discrete category. There is mounting evidence that 
dimensional taxonomies more accurately capture the underlying structure of mental illness and 
clinical presentations. The recently proposed hierarchical taxonomy of psychopathology 
presumes to address the issues of categorical nosologies using a data driven approach to create a 
dimensional model of psychopathology. However, heretofore there are no empirical 
examinations of HiTOP’s ability to predict psychotherapy treatment outcomes. This study 
compared the predictive validity DSM, RDoC, and HiTOP criteria using natural language 
processing on free text narrative notes. Of the three GMM run, only the model using DSM 
criteria as predictors had adequate model fit. Additionally, none of the nosologies significantly 
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CATEGORICAL TAXONOMIES OF PSYCHOPATHOLOGY 
Since the introduction of the Feighner criteria (Feighner, Robins, Guze, Woodruff, 
Winokur, & Munoz, 1972), and the third edition of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM; APA, 1980), traditional nosologies of mental illness follow the medical 
model of diagnoses, arranging clusters of symptoms into distinct disorders which are proposed to 
have specific etiologies, pathologies, and treatments (Zachar & Kenderl, 2007). As a result, 
clinicians conceptualized the diagnoses listed in the DSM as conditions distinct from one another 
and distinct from normal functioning (Widiger & Crego, 2018). However, researchers and 
clinicians alike have noted that the DSM has failed to achieve its goals of accurately modeling 
the etiologies, pathologies, and effect treatments for the disorders it describes. 
Several factors suggest categorical taxonomies misidentify the etiology of 
psychopathology. First, there is growing evidence that existing diagnoses encompass multiple 
pathological processes (Clark, Watson, & Reynolds, 1995; Hasler, Drevets, Manji, & Charney, 
2004; Meehl & Golden 1982; Skeem, Polascheck, Patrick & Lilenfeld, 2011; Zimmerman et al., 
2015). Second, no mental disorder has proven to be a discrete category (Carragher et al., 2014; 
Haslam, Holland, & Kuppens, 2012; Wright et al., 2013). Third, many clients who present with 
significant impairment and/or distress fail to meet the diagnostic criteria of any disorder and are 
often given the Other Specified/Unspecified (formerly Not Otherwise Specified) diagnosis 
(Kotov et at., 2018). In fact, the Other Specified/Unspecified diagnosis has historically been 
among the most frequently used in clinical populations (Widger & Edmundson, 2011).  
Two common methods have been employed to improve the specificity and accuracy of 
categorical diagnoses; introducing exclusionary criteria to aid in differential diagnosis, and 
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splitting disorders using rational divisions. These methods have the goal of creating smaller, 
more homogenous diagnostic categories while encompassing more diverse clinical presentations 
(Wideger & Crego, 2018). For example, mixed anxiety-depressive disorder was created to fill the 
gap between anxiety and mood disorders, schizoaffective between bipolar and schizophrenia, 
and depressive personality disorder between mood and personality disorders (Frances, 1995). 
Additionally, binge eating disorder was split out from bulimia and disinhibited social 
engagement disorder was split from reactive attachment disorder to further improve diagnostic 
specificity and better capture the complex reality of clinical presentations (APA, 2013). 
However, these practices have further blurred the boundaries between diagnostic categories 
(Phillips, Price, Greenberg, & Rasmussen, 2003; Pincus, Frances, Davis First, & Widiger, 1992; 
Pincus, McQueen, & Elinson, 2003). For example, the DSM-5 Field Trials found 40% of 
diagnoses did not meet a relaxed cutoff of acceptable interrater reliability (Reiger et al., 2013). 
Additionally, high rates of diagnostic comorbidity have been consistently found in clinical and 
research samples when using DSM criteria (Bijl, Ravelli, & van Zessen, 1998; Boyd et al., 1984; 
Kotov, Perlman, Gamez, & Watson, 2015; Love, 2018; Teesson, Slade, & Mills, 2009; Ormel et 
al., 2015). These findings suggest that the various iterations of the DSM superimposed 
categorical distinctions onto naturally dimensional phenomena.  
The idea that psychopathology is dimensional rather than categorical in nature is not new 
(Kendell, 1975) and is empirically grounded. The final conference of DSM-5 Research and 
Planning Work Groups was devoted entirely to implementing dimensional models of substance 
use disorders, depressive disorders, psychoses, anxiety disorders, developmental 
psychopathology, and personality disorders (Helzer et al., 2008). For example, there is a large 
field of research comparing dimensional and categorical conceptualizations of depressive 
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disorder symptoms. several cross-cultural studies have found a linear relationship between 
number of depressive symptoms present and level of impairment (Kessler, Zhao, Blazer & 
Swartz, 1997; Sakashita, Slade & Andrews, 2007; Ustun & Sartorious, 1995). Additional 
examinations of the structure of major depression have found clinical presentations of major 
depression shades imperceptibly into “normal”, non-clinical experiences of sadness (Andrews et 
al., 2008). Furthermore, taxometric analyses of self-reported symptoms have found that 
dimensional models of depression better fit the clinical presentations of adults (Balwind & 
Shean, 2006; Franklin, Strong, & Greene, 2002; Hankin, Fraley, Lahey, & Waldman, 2005; 
Ruscio & Ruscio, 2000; Slade & Andrews 2005; Slade 2007) and adolescents (Ambrosini, 
Bennett, Cleland, & Haslam, 2002; Shields, Giljen, España, and Tackett, 2021). Additionally, 
dimensional models of psychopathology have shown excellent reliability (First et al., 2002; 
Hopwood et al., 2017; Kendell, 1989).  Despite mounting evidence of the superior performance 
of dimensional models (Markon, 2010; Kotov, Gamez, et al., 2010; Kotov et al., 2011; Wright et 
al., 2013) only the dimensional model for Autism spectrum disorders was fully implemented and 
the dimensional model of personality disorders was relegated to Emerging Measures and Models 




ALTERNATIVE DIMENSIONAL MODELS OF HUMAN BEHAVIOR 
Research Domain Criteria  
Noting the considerable problems with traditional categorical nosologies, two new 
dimensional models were recently introduced, each using a different theoretical approach to 
create a more accurate nosology. In 2013, the National Institutes of Mental Health (NIMH) 
released the research domain criteria (RDoC; NIMH, 2013), a bottom up approach to classifying 
normal human behavior with the goal of understanding its etiology (Kaufman, Gelernter, 
Hudziak, Tyrka, & Coplan, 2015). Primarily designed as a research tool, RDoC is organized in a 
matrix format and is a living document which can change more quickly than the DSM to 
represent advances in scientific knowledge. The RDoC matrix has eight columns which represent 
the units used to measure each construct (NIMH, 2021). Current units represented in the matrix 
include molecules, cells, neural circuits, physiology, behavior, self-reports, and paradigms with 
neural circuits being the key unit of analyses.  
The rows of the matrix represent dimensions of behavior and related constructs are 
grouped together into higher level constructs called domains. Each domain also contain related 
lower level constructs. RDoC was originally launched with five domains but a sixth has since 
been added (NIMH, 2021). Those six domains are as follows. Negative Valence Systems is the 
domain of neurocircuits responsible for responses to adverse stimuli. This domain contains the 
constructs of responses to acute threat (fear), responses to potential harm (anxiety), responses to 
sustained threat, frustrative non-reward, and loss. Positive Valence Systems is the domain 
primarily responsible for responses to rewarding stimuli and is made up of the constructs reward 
responsiveness, reward learning, and reward valuation. The Cognitive Systems domain contains 
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systems responsible various cognitive processes including the constructs of attention, perception, 
declarative memory, language, cognitive control and working memory. The Systems of Social 
processes domain contains systems that mediate responses to interpersonal settings and stimuli. 
It is comprised of the constructs, affiliation and attachment, social communication, perception 
and understanding of the self, as well as perception and understanding of others. Arousal and 
Regulatory Systems is the fifth domain of the initial RDoC matrix. It is comprised of the 
constructs responsible for physiological arousal, circadian rhythms, and sleep-wakefulness. The 
newest domain, Sensorimotor Systems, is primarily responsible for the control and execution of 
motor behaviors. This domain is made up of the constructs of motor actions (i.e.: Action 
planning and selection, sensorimotor dynamics, etc.), Agency and ownership, sensorimotor habit 
and innate motor patterns.  
Critics of RDoC argue that its focus on finding the neurobiological origins of human 
behavior ignores contextual factors which influence behavior (Lieblich, Castle, & Everall, 2015). 
This, coupled with RDoC’s primary purpose of being a diagnostically agnostic research tool 
leaves clinicians with no clear distinctions between disordered and normal behavior, limits the 
clinical utility of the nosology (Lieblich et al, 2015; Wakefield, 2016). However, researchers 
examining the clinical utility of RDoC have found the dimensional model to more accurately 
predict the development of mood or disruptive disorders, predicting the length of time before 
hospital readmission using narrative notes written by RDoC naive clinicians (McCoy et al., 
2015), discriminating between subtypes of psychosis (McCoy et al., 2018), predicting 
symptomology of eating disorders (Wildes & Marcus, 2015), and predicting treatment trajectory 
of outpatient psychotherapy clients (Love, 2018). While these preliminary findings are very 
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promising, further research is needed to determine if RDoC accurately captures the structure of 
human psychology. 
Hierarchical Taxonomy of Psychopathology  
A second comprehensive dimensional nosology called the hierarchical taxonomy of 
psychopathology (HiTOP) was proposed by a consortium of clinical researchers with the goal of 
developing an empirically driven classification system of psychopathology (Kotov et al., 2017). 
HiTOP emerges from the quantitative classification movement which uses factor analytic 
approaches to find naturally occurring dimensions among psychopathological symptoms. This 
approach is unique from the DSM and RDoC which used expert working groups to create the 
distinctions between categories or domain. 
Factor analytic approaches have been used to explain multiple aspects of human 
behavior. Arguably the best supported of these approaches is the five-factor model of normal 
personality made up of openness to experience, conscientiousness, extraversion, agreeableness, 
and neuroticism (Borkenau & Ostedorf, 1990; Costa & McCrae, 1992; Goldberg, 1990; John, 
Caspi, Robins, Moffit, & Stouthamer-Loeber, 1994). The strong relationships between these 
traits and psychological well-being (Krueger, Derringer, Markn, Watson & Skodol, 2012; 
Malouff, Thorsteinsson, & Schutte, 2005; Trull & Sher, 1994; Widiger & Costa, 2013) coupled 
with the previously discussed issues with categorical models of psychopathology led to the 
development of dimensional models of psychopathology using the factor analytic approach. 
Initial forays into the area found two common factors, internalizing and externalizing behaviors, 
which predicted the expression of different forms of psychopathology (Lengua, West, & Sandler, 
1998; Eisenberg, et al., 2009). For example, externalizing behaviors, such as impulsivity, have 
been linked to alcohol abuse (Whiteside & Lynam, 2009), substance abuse (Iacono, Malone, and 
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McGue, 2003), and suicide attempts (Verona, Sachs-Ericsson, & Joiner, 2004). Similarly, 
internalizing behaviors in children predict the development of social withdrawl, social skill 
deficits sometimes associated with developing depression (Rubin & Mills, 1991). The 
internalizing and externalizing factors have been found in child (Blanco et al., 2015; Martel et 
al., 2017; Waldman et al., 2016), adolescent (Achenbach et al., 1991; Beauchine & Hinshaw, 
2017; Waldmen et al., 2016), adult (Carragher et al., 2014) and cross-cultural samples (Krueger, 
Chentsova-Dutton, Markon, Goldberg, & Ormel, 2003). When examined together, internalizing 
factors were found to explain much of the comorbidity between depression, anxiety, post-
traumatic stress disorders; while alcohol and substance abuse, attention deficit-hyperactivity, 
oppositional defiant, and antisocial-personality disorders (Blanco et al., 2015; Krueger et al., 
2003; Lilienfeld, 2003; Mesman, Bongers, & Koot, 2001; Whiteside & Lynam, 2009). These 
studies revealed a higher-order dimension of psychopathology called the General P factor of 
psychopathology (Caspi et al., 2014). In their review, Forbes et al. (2016) introduced a 
hierarchical model of internalizing/externalizing spectra which was phenotypically stable, linked 
to genetic vulnerabilities, applicable developmentally, and predictive of different problematic 
behavior developing during childhood (i.e., withdrawn, anxious/depressed, attention problems, 
and/or aggressive behaviors; Achenbach, 2009; Lahey et al., 2017). However, this model failed 
to account for psychotic disorders and personality psychopathology.  
Categorical diagnoses of personality disorders have been some of the most problematic 
diagnostic categories for clinicians and researchers (First et al., 2002; Kendell, 1989). Like other 
DSM diagnoses, comorbidity among personality disorders is the norm (Anderson et al., 2014; 
Clark, 2007; Lilienfield et al., 1994; Livesley, 2003) which suggest that arbitrary boundaries 
have been placed onto dimensional phenomena. In contrast, there is an abundance of empirical 
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support for dimensional models of personality psychopathology (Fowler et al., 2015; Krueger & 
Markon, 2014; Markon & Krueger, Markon, Patrick, &v Iacono 2005; Morey et al., 2007; 
Rodriguez-Seijas, Eaton, & Krueger, 2015; Wygant et al., 2016). Additionally, there is no 
evidence empirical evidence that personality pathology is categorical in nature (Clark, 2007; 
Trull & Durrett, 2005) or are distinct phenomena from other major mental illness diagnoses in 
the DSM (Krueger, 2005).  
Personality has been linked to psychopathology (Kotov et al., 2010; Samuel & Widiger, 
2008; Widiger & Tull, 2007) primarily using the Five Factor Model of personality (FFM): 
openness-to-experience (O), conscientiousness (C), extraversion (E), agreeableness (A), and 
neuroticism (N; Costa & McCrae, 1992). For example, consistent relationships have been found 
between high N and depression and anxiety disorders (Kotov et al. 2010); high C and anorexia 
(Cassin & von Ranson, 2005); and high N, low A, and C with many personality disorders 
(Widiger & Mullins-Sweatt, 2009). While there have been some studies linking psychotic 
disorders with the FFM (Ross, Lutz & Bailey, 2002; Tackett et al., 2008; Taylor & Bagby, 2012; 
Uliaszek, Al-Dajani, & Bagby, 2015). Thus, the alternative dimensional model of personality 
psychopathology included in the DSM-5 will likely prove to be insufficient at addressing issues 
of comorbidity in psychiatric diagnoses.  
The unified, quantitative approach used to develop HiTOP aims to rectify the problems 
found in traditional categorical models of psychopathology and the artificial division between so 
called Axis I and Axis II disorders (Kotov et al., 2017). HiTOP aims to address these issues in 
several ways. First, HiTOP constructed dimensional syndromes based on the empirical 
covariation of symptoms and only groups related symptoms together thereby creating unitary 
constructs (Clark & Watson, 2006) instead of relying on arbitrary thresholds between syndromes 
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created using expert consensus which have proven to be quite heterogeneous. This method also 
improves upon the reliability of categorical taxonomies as evidenced by the high test-retest 
reliability of dimensional constructs (Watson, 2003). HiTOP’s hierarchical structure in which 
related syndromes are subsumed under higher order spectra address comorbidity commonly 
found in clinical presentations (Kotov at al., 2017). While, high rates of comorbidity indicates 
problems with the categorical structure of the DSM, it also suggest that psychopathology 
develops along common pathways which are determined by shared pathways, pathological 
process and predicts the courses of illness (Brown & Barlow, 2009; Krueger & Markon, 2011). 
For example, comorbid presentations commonly occur between clients with anxiety and 
depression because the individual has a predilection toward internalizing behaviors with 
individual differences determined by various environmental factors. Thus, the hierarchical 
organization of the dimensions of HiTOP can accurately account for the presentation, severity, 
and course of individual patients (Kotov et al., 2017).  
Finally, HiTOP’s dimensional structure allows all clients to be described using the 
taxonomy because all levels and types of pathology can be described using the same language 
(Kotov et al. 2017). Joint structural analyses of DSM clinical and personality disorders yield six 
common spectra. Kotov, Ruggero and colleagues (2011) analysis of 2,900 outpatients with 25 
different disorders found recognizable dimensions of internalizing comprised of anxiety, 
depressive, dependent, obsessive-compulsive, borderline, and paranoid PD; externalizing 
comprised of substance use, antisocial behavior and conduct problems; thought disorder 
comprised of psychotic disorders, bipolar I, schizotypal, paranoid, and schizoid PD; antagonism 
comprised of histrionic, narcissistic, borderline, and paranoid PD; and somatoform which 
included undifferentiated somatoform disorder, hypochondriasis, and pain disorder. While they 
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were the first to identify a sperate somatoform factor, a previous study by Røysamb et al. (2011) 
also identified internalizing, externalizing, antagonism factors, and a pathological 
introversion/detachment factor. These differences are likely because Røysamb et al. (2011) 
sample did not include psychotic disorders or mania which were present in Kotov, Ruggero et 
al.’s (2011) sample. Two other studies that operationalized psychopathology based off 
heterogenous samples identified six spectra which mirrored those found in the earlier studies: 
negative affectivity (internalizing), psychoticism (thought disorder), disconstraint (externalizing), 
aggressiveness (antagonism), introversion (detachment), and somatization (somatoform) 
(McNulty & Overstreet, 2014; Sellbum, 2017). 
Building upon the exiting literature exploring dimensional models of psychopathology, 
six spectra were included in the initial HiTOP model. Those six spectra include internalizing (or 
negative affectivity), thought disorder (or psychoticism), disinhibited externalizing, antagonistic 
externalizing, detachment, and somatoform (see Figure 1 for the complete HiTOP model 
proposed by Kotov et al., 2017). Additionally, 7 subfactors (Sexual problems, eating pathology, 
fear, distress, mania, substance abuse, and antisocial behavior) were proposed sitting between the 
higher order p-factor of psychopathology and lower order empirical syndromes, and symptoms 
components and maladaptive traits. Since its original proposal in 2017, the overall dimensional 
structure of HiTOP has been argued for by 10 meta-analytic reviews examining more than 1,100 
studies published by members of the HiTOP consortium (Conway et al., 2019; Hopwood et al., 
2020; Kotov et al., 2020; Kotov et al. 2021; Krueger et al., 2018; Latzman et al. 2020; Perkins et 
al., 2020; Ruggero et al. 2019). Additionally, Perkins et al. (2020) and Kotove et al. (2021) have 
provided tentative evidence in support of three superspectra; emotional dysfunction, psychosis 
11 
and externalizing. These superspectra were excluded from this analysis as they are still 
provisional in nature (Kotov et al., 2021).  
Although a complete explanation of the validation of these spectra is beyond the scope of 
this project (see Kotov et al., (2017) and Kotov et al. (2021) for the complete validation 
procedures), it is important to mention several things about the current HiTOP model. First, the 
lower order disorder/syndrome level of the model is described in terms of DSM-5 diagnoses to 
assist individuals unfamiliar with the model understand what types of behaviors are included in 
each spectra. Second, neurocognitive and neurodevelopmental clusters have thus far been 
excluded from structural studies and thus were not included in the current iteration of HiTOP 
even though they are included in the DSM-5; and thus, the current HiTOP model is not yet 
comprehensive even though it does include the majority of psychopathology (Kotov et al., 2017; 
Kotov et al. 2021). Third, the current HiTOP model does not yet integrate features of the 
progression of illnesses as there is a general lack of longitudinal research data (Kotov et al. 
2021). Fourth, HiTOP was constructed using data collected primarily from adolescents and 
adults up to age 65 (Kotov et al., 2017), which means it is unclear what the structure of 
psychopathology is in children below age fifteen and adults over 65. The little research that does 
exist supports the exitance of the general p-factor of psychopathology (Kotov et al., 2021; 
McElroy et al., 2018), but the exact structure of the lower order dimensions remains unclear.  
Hypotheses 
While the goals of the new RDoC and HiTOP taxonomies show promise in achieving 
their goals of more accurately describing the human psychological experience, it is yet unclear if 
they will prove to be more useful to clinicians in real world applications. There is emerging 
evidence that RDoC can accurately predict treatment outcomes (Love, 2018: McCoy et al., 2015; 
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McCoy et al., 2018; Wildes & Marcus, 2015). Additionally, several articles have proposed how 
clinicians can implement the HiTOP framework to conceptualize their clients (Eubanks & 
Hunter, 2020; Hopewood et al., 2020; Ruggero et al., 2019) and integrate the model into clinical 
training (Ruggero, Callahan, et al., 2019). Previous research has also shown the utility of 
individual HiTOP constructs to predict suicidality, and future-treatment seeking among others 
(Morey et al. 2012; Sunderland & Slade, 2015). However, no study has been published which 
examines the predictive validity of the entire HiTOP framework for psychotherapy treatment 
outcomes. Furthermore, it is unclear how much difficulty current clinician’s will have adopting 
and applying a HiTOP’s hierarchical dimensional nosology to their conceptualizations of clients 
in real world settings.  
Thus, this article aims to explore these two topics by utilizing archival records from an 
outpatient psychology training clinic. First, natural language processing will be used to 
determine how well HiTOP’s language matches the language currently used by clinicians. 
Second, HiTOP’s ability to predict treatment psychotherapy outcome will be examined and 
compared to that of DSM diagnostic criteria. Finally, the predicative validity and fit of HiTOP 
criteria to the natural language of clinicians will be compared to that of RDoC to directly 






This project used archival data from adults who sought individual psychotherapy 
treatment at the University of North Texas (UNT) Psychology Clinic over a 5-year period (2011-
2015. The UNT Psychology Clinic is a training clinic for students in APA accredited clinical, 
counseling, and clinical health psychology doctoral programs at UNT. All services were 
provided by closely supervised trainee clinicians affiliated with these programs. Additionally, all 
clients are informed of the research mission of the training clinic during their first session. All 
clients of the UNT Psychology Clinic were asked to complete a standardized demographic form 
as part of their intake paperwork. The form collects a broad range of demographic information 
including age, self-identified race/ethnicity, gender, marital status, religion, occupation, income, 
high school graduation, and veteran status.  Only clients who consented to the use of their de-
identified treatment records are included in the sample. Archival data was accessed following 
procedures approved by the UNT Institutional Review Board (IRB) and the Psychology Clinic 
Executive Committee (PCEC).  
Inclusion / Exclusion Criteria 
Consented clients included in this project have (1) completed the Psychiatric Diagnostic 
Screening Questionnaire before their intake session, (2) attended at least two sessions of 
individual psychotherapy, and (3) completed the Outcome Questionnaire – 45 (OQ) before each 
psychotherapy session. In addition, intake summaries and termination reports written by the 
clinician were present in the record. The initial sample consisted of 1,000 clients who attended at 
least two sessions of psychotherapy and had both an intake and termination report in their file. 
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Of those, 356 clients were removed from the sample for not having a PDSQ which was 
completed at intake. A further 322 clients were removed from the sample for having incomplete 
OQ data. Thus, 322 clients met inclusion criteria and were included in the final sample. Clients 
in this sample completed a maximum of 111 outpatient psychotherapy sessions, a mean of 16 
outpatient sessions and a median of 11 sessions. The demographic information of the final 
sample of 322 participants used in the models is included in Table 1. 
Measures 
Outcome Questionnaire 45.2 (OQ) 
The OQ is a 45 item self-report measure designed to assess the level of psychological 
distress a client experienced during the previous week (Lambert, et al., 2004). The OQ is one of 
the most commonly used measures used to monitor psychotherapy outcomes over time 
(Vermeersch et al., 2004) and demonstrates sensitivity to change during treatment, high 
specificity to change, and high concurrent validity (Vermeersch, Lambert, & Burlingame, 2010).  
To measure psychological distress, clients are asked to respond to how frequently they 
experienced the listed symptoms using a 5-point Likert-scale. The scale is anchored with 
responses ranging from almost never (0) to always (4). The OQ item responses are then summed 
to yield a total score ranging from 0 to 180. According to the manual, total raw scores of 63 and 
above indicate clinically significant levels of distress. A change of 14 points or more indicates a 
reliable change in psychological distress between sessions. A reduction of total OQ score equal 
to or greater than 14 points from the time of intake indicates a reliable improvement in symptom 
severity while a 14-point or greater increase indicates reliable deterioration and increase of 
psychological distress. Lambert et al. (2004) recommend that missing data be substituted with 
the mean of the subscale that question loads onto. However, independent research has failed 
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found high correlation between the OQ subscales indicating they lack validity (Boswell et al., 
2013; Umphress et al., 1997). Therefore, multiple imputation with all present items will be used 
when OQ has less than 10% of missing data points, as this method creates the least amount of 
bias in the data (Biering, Hjollund, & Frydenber, 2015). OQ’s missing answers to 10% or more 
questions were excluded from the analyses. Thirtysix clients’ data were removed from the 
sample for this reason. 
Psychiatric Diagnostic Screening Questionnaire (PDSQ) 
The PDSQ is a self-report measure designed to identify respondents who are likely to 
meet criteria for 13 psychological disorders associated with the Axis I disorder in the DSM-IV 
TR (Zimmerman and Mattia, 2001). The measure contains 111 dichotomous (“yes” or “no”) 
items asking the respondent to indicate which psychological symptoms they had experienced 
during the previous two weeks or six months, depending on the item. The measure yields a 
clinical disorder subscale for each of the 13 clinical disorders which include 90% sensitivity 
clinical cut off scores and critical items for each clinical disorder. The PDSQ subscales have a 
mean negative predictive validity of 97% and demonstrate good to excellent levels of internal 
consistency, test-retest reliability, and convergent validity (Zimmerman and Mattia, 2001). See 
Table 2 for the frequency of clients who met or exceeded each PDSQ clinical cut score. 
Assembling, Cleaning, and Tokenizing the Corpus 
The free text narratives of intake reports, termination reports and progress notes 
associated with all clients in the initial sample (n = 1,000) were combined to create the corpus for 
the analysis. This larger corpus of text was to create each bin from a diverse author set, thereby 
reducing the influence of writing style on keyword selection. Next, the free text was cleaned 
using the natural language processing methods outlined by Kao and Poteet (2007), and Bird, 
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Klien, and Loper (2010) using a Unix command line to execute the commands. The specific 
process was carried out as follows.  First, all text was converted into lower case. Second, all 
abbreviations, contractions, numerical text, ordinal text, and symbols were converted into their 
long-form equivalents (i.e.: 1 into one; 1st into first, $ into dollar, etc.). Third, all extra white 
space, and punctuation were removed from the corpus. Fourth, all commonly used, but 
semantically unmeaningful words, called stop words, were removed from the corpus. There are 
several commonly used stop word lists used for natural language processing, with each list 
having their own strengths and drawbacks. The stop word list “stopwords en” from commonly 
used R text mining package “TM” was used as it is the least restrictive list and allowed for the 
most flexibility when creating the estimated RDoC and estimated HiTOP scores (Lewis et al., 
2004). Fifth, the text was stemmed to truncate the words to their root form using SnoballC text 
stemming package (Tomar, 2017). Finally, cleaned text was tokenized into unigrams, bigrams, 
and trigrams (one word, two-word pairs, and three-word triplets) before being processed to 
estimate RDoC (eRDoC) and HiTOP (eHiTOP) scores. Calculation of these estimated scores 





After the free text narrative notes were cleaned and tokenized using the above methods, 
the unigrams, bigrams, and trigrams were sorted into bins reflecting the six RDoC domains and 
six HiTOP spectra. To do this, two expert coders sorted the terms independently first into bins 
representing the six RDoC domains. Then, they independently sorted the clean tokenized term 
list as second time into bins representing the six HiTOP spectra. The spectra level of the HiTOP 
model was chosen as it would provide the most analogous comparison with RDoC domains. 
Coders were trained to complete this task by reading seminal articles on HiTOP’s structure (e.g. 
Kotov et al. 2017, etc.), reviewing the content in the RDoC matrix, and discussing what types of 
behaviors are representative of the HiTOP spectra and RDoC domain. Coders were not blind to 
the purpose of the study nor its hypotheses. After the initial coding was completed, the coders 
met and discussed their coding efforts to come to 100 percent agreement about the structure of 
the bins. Next, the cleaned and tokenized narrative texts from each of the 322 intakes included in 
the final sample were compared to the key terms in each RDoC and HiTOP bin; finding the 
percent fit (frequency of key words appearing in the narrative note divided by the total number of 
words in the cleaned and tokenized intake report) to create eRDoC scores and eHiTOP scores for 
each domain and spectra. Thus, each intake report was assigned an eRDOC score for each RDoC 
domain and an eHiTOP score for each HiTOP spectra. Upon examination of the data, both 
eRDoC and eHiTOP scores were found to be significantly skewed. A square root transformation 
was performed to correct this skewness while appropriately handling some true zero values 
found in the eHiTOP and eRDoC scores.  
Three separate growth mixture models (GMM) with linear trajectories were 
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independently estimated. To tolerate the variable time between OQ measurement points, a 
structural equation model (SEM) framework was used for each GMM. All GMMs were 
conducted using the Mplus version 8.5 software (Muthén, & Shedden, 1999; Muthén, et. al, 
2002; Muthén, 2001a; Muthén, 2001b; Muthén, 2004; Muthén & Masyn, 2005) The first GMM 
used PDSQ cutoff scores as time invariant predictors of OQ score over time. The second and 
third GMM models were conducted using the eRDoC domain scores and eHiTOP spectra scores 
respectively as time invariant predictors of OQ score over time. Treatment course was measured 
up-to the sample mean of 16 treatment sessions, as opposed to an unconstrained number of 
sessions, to reduce problems with model convergence. Missing data due to treatment attrition 
was handled using robust FIML estimation due to its use of all available data points, 
simultaneously accounting for data with non-normal distributions, and accounting for these 
differences with adjustments to standard errors and scaling the chi-squared statistics (Little et al., 
2014). 
Fit of the three GMMs was determined using the following conventions. Good model fit 
is said to occur when the confirmatory fit index (CFI) and Tucker-Lewis index (TLI) are ≥ .90.; 
when the standardized root mean square residual (SRMR) is ≤ .08; when the root mean square 
error of approximation (RMSEA) is ≤ .08; and the value of RMSEA is within 90% confidence 
intervals (Weston & Gore, 2006). Chi-squared fit measures were divided by the models’ degrees 
of freedom to correct for biases caused by sample size. Standard conventions state that corrected 
chi-square ratios falling below 3 are indicative of adequate model fit and, corrected ratios falling 
below 2 are indicative of good model fit (Schermelleh-Engel & Moosbrugger, 2003; Weston & 
Gore, 2006). To compare fit between models their Akaike information criteria (AIC) and 
Bayesian information criteria (BIC) statistics were reported, with smaller AIC and BIC values 
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indicating better fitting models (Schermelleh-Engel & Moosbrugger, 2003; Weston & Gore, 
2006).  
See Table 3 for each of the models’ fit statistics. The overall fit of the final PDSQ model 
was adequate with the chi-square ration, RMSEA 95% confidence interval and the SRMR 
statistics falling in the good range. However, the TLI fell in the adequate fit range and the CLI 
indicated poor model fit. The fit of the both the eRDoC model and eHiTOP spectra model were 
marginal with each models’ RMSEA, SRMR, and TLI statistics meeting the adequate level. To 
improve eRDoC model fit and reduce the chance of overspecification, the newest and least 
validated RDoC Sensory Motor domain was removed from the model. Similarly, a second 
HiTOP model was created by sorting tokenized terms into bins representing eHiTOP subfactors 
following the previously described procedure. However, the eRDoC five domain and eHiTOP 
subfactor models did not fit the data better than the original eRDoC domain and eHiTOP spectra 
models, and thus were discarded. See Table 4 for a comparison of different eRDoC and eHiTOP 
fit statistics. 
When comparing the fit between models, the PDSQ GMM fit these data the best 
statistically, with the eRDoC Domain GMM and eHiTOP Spectra GMM fitting the data equally 
well. Given the adequate fit of the PDSQ GMM further examination of the model’s factor 
loadings are warranted. In the PDSQ GMM model, the cut scores for major depressive disorder, 
psychosis, substance use disorder, generalized anxiety disorder, somatoform disorder, and 
hypochondriasis had significant positive intercept loadings, meaning they were associated with 
higher OQ scores before the initial treatment session. No PDSQ cutoff score significantly 
predicted the trajectory of OQ scores over the course of treatment. See Figure 2 for PDSQ GMM 
factor model and factor loadings.  
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Given the marginal fit of the eRDoC Domain GMM and eHiTOP Spectra GMM, those 
model’s factor loadings are interpreted with caution. The eRDoC negative valence domain score 
had a significant intercept loading suggesting that it was associated with higher OQ scores at the 
initial treatment session. There were no other significant intercepts in the eRDoC Domain GMM. 
Additionally, the cognitive domain eRDoC scores had a significantly negative slope, thus it 
predicted a significant decrease in OQ score over the course of treatment. Qualitatively, 
examination revealed the most frequently used words in the cognitive domain bin include dwell, 
depression, mania, forgetfulness, concentration, impulsive, irrational, and repressed. This 
suggests that clinicians who noted these symptoms at intake had clients who were more likely to 
improve over the course of psychotherapy. There were no other significant predictors of 
treatment trajectory in the eRDoC domain GMM. See Figure 3 for the eRDoC Domain GMM 
factor model and factor loadings.  
Like the PDSQ model, the eHiTOP Spectra GMM, none of the eHiTOP spectra predicted 
psychotherapy treatment trajectory. However, the eHiTOP internalizing spectra was associated 
with significantly higher OQ scores at the initial treatment session.  See Figure 4 for the eHiTOP 
Spectra GMM factor model and factor loadings. Correlations between eHiTOP spectra scores 
and OQ scores were conducted to determine the relationship between self-reported and clinician 
reported psychological symptoms. A Bonferroni correction was used to control for type one error 
across the multiple analyses. There were no statically significant correlations between eHiTOP 
spectra scores and OQ scores across the 16 treatment sessions. This suggests that there is not a 
strong relationship between eHiTOP scores and client-reported psychological distress as 
measured by the OQ-45. To ensure the poor eRDoC and eHiTOP model fit were not due to 
coding biases, an independent auditor examined 10% of the eRDoC and eHiTOP bins. After 
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review, the auditor’s ratings were in 74% agreement with the sorting of the eRDoC bins and 67% 
agreement of the sorting in eHiTOP bins, suggesting there is likely bias that contributed to the 
poor fit of eRDoC, eHiTOP GMMs and the poor correlations between eHiTOP spectra scores 






This study had two main aims. First, to determine how well the HiTOP model maps onto 
clinical conceptualizations in a naturalistic setting. Second, to compare the predictive utility of 
the DSM, HiTOP and RDoC nosologies with respect to psychotherapy outcomes among a 
sample of outpatient psychotherapy clients. Based on a rapidly growing body of literature, it was 
hypothesized that the eHiTOP spectra scores would have equal or greater predictive validity than 
eRDoC domain scores, and both dimensional models would have greater predictive validity than 
DSM criteria. The results of this study were quite surprising and did not match the original 
hypotheses. Of the three GMM models conducted, only the model using DSM criteria, 
represented by PDSQ cut scores, adequately fit the data set. More specifically, clients who met 
cut scores for major depressive disorder, psychosis, substance use disorder, generalized anxiety 
disorder, somatoform disorder, and hypochondriasis reported significantly more distress before 
their initial psychotherapy session than clients who did not meet those cut scores. However, 
PDSQ cut scores did not significantly predict treatment outcome. This lack of predictive validity 
is unsurprising given the extremely high rate of comorbid DSM diagnoses (87.3%) found in this 
sample. These findings are similar to those found by Love (2018) suggesting that despite the 
many, and well, documented shortcomings of the DSM, its categorical framework holds capacity 
for identifying experiences which both clinicians and clients identify as impairing in some way.  
In contrast, both the eRDoC domain score GMM and eHiTOP spectra score GMM had 
poor model fit. Thus, even though the negative valiance eRDoC domain and internalizing spectra 
eHiTOP scores were associated with higher OQ scores before initial treatment, and the cognitive 
systems eRDoC domain scores predicted significant reductions in symptom distress over the 
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course of treatment, it is unclear if these findings are meaningful. However, when you also 
consider that eHiTOP categories were not significantly correlated with self-reported 
psychological distress suggest, it is unlikely that the significant factor loadings in the RDoC and 
HiTOP models are statistically meaningful. Therefore, it would be ill advised to put too much 
stock into any interpretations about the clinical utility of either RDoC or HiTOP nosologies 
based on these findings.  
This poor fit was likely due to multiple factors. First and foremost, the subjective nature 
of the coding procedure likely led to imprecise key words. Second, the decision to restrict key 
token coding to one bin per nosology likely impacted the fit of the eHiTOP model. While this 
was originally done to reduce the chance of collinearity within eHiTOP and eRDoC scores, this 
does not align with the spirit of HiTOP which allows spectra to be correlated.  
Potential Implications for Application of Dimensional Nosologies and Future Directions 
As previously stated, it is difficult to make strong conclusions based on the current 
models due to the biases present in the coding system for eRDoC and eHiTOP scores. However, 
there are a few possible implications that can be gleaned from the results of the study. First, the 
lack of predictive validity of the categorical DSM criteria and high rate of comorbidity support 
the argument that categorical nosologies do not accurately reflect the natural organization of 
psychopathology (Carragher et al., 2014; Haslam, Holland, & Kuppens, 2012; Kotov et al. 2018; 
Kotov et al. 2021; Wright et al., 2013). Additionally, this muddy clinical picture makes it 
extremely difficult for clinicians to identify the primary presenting complaints and then select the 
treatment option which is most likely to be effective. The results of this study cannot directly 
support how dimensional models like HiTOP and RDoC solve this issue, it does not contradict 
the arguments of their proponents either. 
24 
Second, there is a large body of research detailing how clinician ratings and patient self-
report ratings can reveal related but distinct clinical presentations (e.g.: Corruble et al., 1999; 
Grey & Kennedy, 1993; Uher et al., 2012). In this study, both clinician ratings in the form of free 
text narrative notes, and client self-report measures (PDSQ and OQ) were used. This could have 
contributed to the difference in fit between the three models. The PDSQ GMM model, which 
relied self-reported data for both the predictor variables and outcome variables, was the only 
model which adequately fit the data. In contrast, the eRDoC and eHiTOP GMM models used 
predictors derived from narrative notes written by trainee clinicians. The difference in clinician 
identified and client identified symptoms could have further contributed to the poor fit of the 
eRDoC and eHiTOP models in this study. 
An important limitation of this sample, albeit likely representative of the current state of 
the field, is that study clinicians were likely relying on DSM criteria to conceptualize and write 
about the clients. Indeed, the intake reports used in this study were written before either RDoC or 
HiTOP had been formally proposed and disseminated to the public. One explanation for this is 
that cognitive bias of the clinician likely also contributed to the poor fit of the eRDoC and 
eHiTOP models (Conway & Brown, 2018). Using training methods outlined by the Clinical 
Translation Workgroup of the HiTOP consortium could help remedy part of these issues by 
teaching clinicians how to apply dimensional nosologies to their clinical conceptualizations 
(Eubanks & Hunter, 2020; Hopewood et al., 2020; Ruggero et al. 2019; Ruggero, Callahan, et al. 
2019). It is possible that after clinicians are trained in HiTOP case conceptualization and 
treatment planning, the language used in their intake reports would have more predictive validity 
for psychotherapy treatment outcome.  
An exploration of previous research seeking to validate the clinical utility of the entire 
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RDoC and HiTOP models indicate a potential gap in the HiTOP research base. Previous research 
on the clinician utility of RDoC using natural language processing on data sets with the same 
clinician biases as the present study not only found GMM and other statistical models that fit the 
data, but also found that RDoC had higher predictive validity of treatment outcomes than DSM 
criteria in various patient populations (i.e., Love, 2018; McCoy et al., 2105; McCoy et al., 2018). 
These findings indicate that it is possible for to overcome clinician biases in training and derive 
meaningful results using natural language processing techniques on dimensional models.  
It is unreasonable and unhelpful to expect clinician and client conceptualizations of their 
functioning to match perfectly. Even so, there needs to be a basic level of agreement between 
what the client and clinician identify as problematic, initial treatment goals, and the intervention 
used to achieve those goals for psychological intervention to be effective. The well-established 
literature exploring the effectiveness of collaborative treatment planning underscore this fact. 
Among its many benefits, collaborative treatment planning has been shown to increase treatment 
adherence (Stanhope, Ingoglia, Schmelter, & Marcus, 2013), reduce the frequency of suicidal 
ideation and suicidal acts (Jobes, 2012), and improve the therapeutic alliance (Chinman et al., 
1999). In fact, collaborative treatment planning is such a foundational part of most evidenced 
based psychotherapy treatments, it is included in many states’ licensure and provider guidelines 
(e.g. Commonwealth of Massachusetts 130 CMR 429.000; SAMHSA, 2015). Thus, it is 
encouraging to see the Clinical Utility Working group of HiTOP actively engaged in training 
efforts and field trials improve clinician understanding of this model (Eubanks & Hunter, 2020; 
Hopewood et al., 2020; Ruggero et al. 2019; Ruggero, Callahan, et al. 2019). This training is 
important considering that Conway and Brown (2018) conducted a study attempting to examine 
if the latent structure of HiTOP could be found in their large sample of outpatients. More 
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specifically, they used a confirmatory factor analysis to determine if the internalizing and 
externalizing factors were present in data collected via a well validated structured clinician 
administered interview. They too found poor model fit and suggested it could have been caused 
by clinician cognitive bias by the lack of training in HiTOPian case conceptualization. The 
Clinical Utility Working group’s emphasis on clinician training should solve this issue. 
Third, the fact that neither RDoC domains nor HiTOP spectra fit these data could indicate 
that both models maybe incomplete. In fact, the creators of both nosologies openly admit they 
are both works of progress and have changed over time to incorporate immerging data (Kaufman 
et al., 2015; Kotov, et al. 2017; Kotov et al. 2021; NIMH, 2013; NIMH, 2021). Several authors, 
including the HiTOP Consortium itself, argue that RDoC domains and HiTOP can be used to 
identify the etiology of maladaptive behaviors. Although directly assessing the relationship 
between RDoC and HiTOP criteria was outside of the scope of this project, the results offer a 
tentative look into the complimentary nature of RDoC Domains and HiTOP Spectra. For 
example, the possible positive correlation between negative valence eRDoC domain scores and 
the internalizing eHiTOP spectrum scores with OQ scores at the start of psychotherapy could 
suggest those constructs account for psychological distress experienced by patients. Additionally, 
the tentative finding that only cognitive eRDoC domains scores predicted treatment trajectory 
could suggest that conceptualizing cases with the RDOC frame is likely beneficial for clinicians.  
Research into the biological correlates of potential threat linked stronger startle potentiation with 
increased likelihood of having a disorder related to the fear subfactor (e.g., social anxiety) as 
opposed to distress related disorders (e.g. generalized anxiety and depression) (Gorka et al., 
2017). See Michelini et al. (2020) and Kotov et al. (2021) for more comprehensive reviews of 
these associations. Thus, additional research should be conducted which directly examines the 
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relationship between RDoC and HiTOP nosologies and their combined clinical utility. It is also 
important to note the sample used in this study were predominantly American, White, cisgender 
well educated, single individuals of college age of unknown sexual orientation. This limits the 
generalizability of the study to non-majority populations including BIPOC and members of the 
LGBTQIA+ communities and those of varying educational levels. Future research should use 
samples which overrepresent these communities to ensure that the structure of these nosologies 
holds across ethnic and cultural backgrounds. 
Although this study failed to identify support for the predictive validity of either the 
HiTOP or RDoC nosologies, it was not without its own utility. First, it showed that DSM-5 
criteria do effectively capture behaviors which cause individuals to feel distress, despite the 
numerous issues associated with that nosology. This is an important baseline to note and with 
which to compare all subsequently proposed models of psychopathology. Second, it provided 
tentative support of the argument that RDoC and HiTOP are complimentary nosologies that, 
taken together, might improve upon the DSM-5 (Michelini et al., 2020; & Kotov et al. 2021). 
Future research should explore how the dimensional spectra of HiTOP interface with RDoC 
domains to illuminate not only the natural structure of psychopathology, but also, its etiology 
(Perkins et al., 2020). Doing so could improve the efficacy of mental health treatment and help 
create the personalized treatment plans which the creators of HiTOP (Kotov et al. 2017), and 





Variable Overall Sample 
Age, M (SD) 27.1 (10.96) 
Household Family Income, M (SD) $13,070 ($39,476.65) 
Gender, n (%) 
Male 106 (32.9%) 
Female 223 (65.8%) 
Transgender 3 (0.7%) 
Missing 2 (0.6%) 
Ethnicity, n (%) 
White, Non-Hispanic 210 (65.2%) 
African-American 18 (5.6%) 
Latino(a)/Hispanic 35 (10.9%) 
Asian/Pacific Islander 12 (3.7%) 
Middle Eastern/Southeast Asian 7 (2.2%) 
Native American/Alaskan Native 5 (1.6%) 
Multiracial 23 (7.8%) 
Other/Did not identify 10 (3%) 
Marital Status, n (%) 
Single 258 (80.1%) 
Married 35 (10.9%) 
Divorced 15 (4.7%) 
Other 12 (3.7%) 
Missing 2 (0.6%) 
High School Diploma, 
n (%) 
Yes 304 (94.4%) 
No 14 (4.3%) 
Missing 4 (1.2%) 
Veteran Status, n (%) 
Yes 13 (4.1%) 
No 305 (94.7%) 





Number of Clients Who Met or Surpassed the PDSQ Cutoff Criteria by Diagnostic Category (N 
= 322) 
 
Disorder Number of Clients Who Meet Cutoff Score Percent of Sample 
MDD 203 63% 
PTSD 126 39.1% 
Bulimia/Binge Eating  39 12.1% 
OCD 114 35.4% 
Panic Disorder 131 40.7% 
Psychosis 65 20.2% 
Agoraphobia 130 40.4% 
Social Phobia 219 68% 
Alcohol Abuse/Dependence 81 25.2% 
Drug Abuse/Dependence 54 16.8% 
GAD 192 59.6% 
Somatization Disorder 105 32.6% 
Hypochondriasis 78 24.2% 
Met No Cutoff Value 11 3.4% 
Met One Cutoff Value 30 9.3% 
Met Multiple Cutoff Values 281 87.3% 
 
Table 3 
Fit Statistics of PDSQ, eHiTOP and eRDoC GMM Models 
Fit Statistic PDSQ GMM eHiTOP Spectra GMM 
eRDoC 6 Domain 
GMM 
χ2, (df; p-value) 598.66 (313; 0.000) 480.344 (215; 0.000) 503.18 (215; 0.000) 
χ2/df ratio 1.91** 2.23 2.34 
RMSEA (95% CI) 0.053 (0.047 – 0.060)** 0.062 (0.055 - 0.069)* 0.065 (0.057 - 0.072)* 
SRMR 0.05** 0.07* 0.065* 
CFI 0.94 0.935 0.932 
TLI 0.93* 0.94* 0.932* 
AIC 26044.43 7769.73 7764.34 
BIC 26221.84 7894.293 7888.90 
Note: * Indicates adequate fit according to rules of thumb (Schermelleh-Engel & Moosbrugger, 2003; Weston & 
Gore, 2006). ** Indicates good fit according to rules of thumb (Schermelleh-Engel & Moosbrugger, 2003; Weston 
& Gore, 2006).  
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Table 4 
Comparison of Fit Statistics Between Competing eHiTOP and eRDoC GMM Models 
Fit Statistic eHiTOP Spectra GMM++ 
eHiTOP Subfactor 
GMM 
eRDoC 6 Domain 
GMM++ 
eRDoC 5 Domain 
GMM 
χ2, (df; p-value) 480.344 (215; 0.000) 576.04 (285; 0.000) 503.18 (215; 0.000) 441.15 (201; 0.000) 
χ2/df ratio 2.23 2.02 2.34 2.19 
RMSEA (95% CI) 0.062 (0.055 - 0.069)* 0.056 (0.050 - 0.063)* 0.065 (0.057 - 0.072)* 0.061 (0.053 – 0.069)* 
SRMR 0.07* 0.06* 0.065* 0.062* 
CFI 0.935 0.94 0.932 0.941 
TLI 0.94* 0.94* 0.932* 0.941* 
AIC 7769.73 7777.42 7764.34 26204.73 
BIC 7894.293 7939.73 7888.90 26321.75 
Note: ++ Indicates GMM models included in the final analyses. * Indicates adequate fit according to rules of thumb (Schermelleh-Engel & Moosbrugger, 2003; 









Spectra of the Hierarchical Taxonomy of Psychopathology 
 
Note: Dashed lines indicate elements of the model that were included on provisional basis and require more study. Disorders with most prominent cross-loadings 
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